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ABSTRACT 

A study of the inhibitory action of ATA on two different 
steps of protein synthesis—the mRNA binding reaction and the phenyl- 
alanyl-tRNA synthetase reaction—was undertaken. 

Studies of ATA action on the mRNA binding reaction revealed 
that ATA does not dissociate a preformed mRNA:ribosome complex. However, 
when added prior to the complex formation, ATA inhibits mRNA binding 
to 50% at a concentration of 20 uM. It was also confirmed that ATA 
inhibition is due to its binding to ribosomes. However, it was not 
possible to deduce the exact site and nature of ATA binding due to the 
complexity of ribosomal structure and due to the presence of protein 
factors closely associated with the ribosomes. An examination of the 
inhibition from the viewpoint of ATA structure employing various gurin 
derivatives showed that analogs of ATA are not very effective inhibitors 
of mRNA binding. It appeared that ATA is a unique inhibitor of mRNA 
binding due eS the presence of hydroxyl and/or carboxyl groups on the 
triphenylmethane skeletal structure. During the pre of the above 
studies, it was noted that there are other reactions sensitive to ATA 
besides the mRNA binding reaction ,since the overall process of poly-U 
directed phenylalanine incorporation is inhibited at a lower concentra- 
tion of ATA than the mRNA binding step. The search for a reaction sen- 
sitive to ATA led us to discover that the phenylalanyl-tRNA synthetase 
reaction is inhibited by ATA. The ATA inhibition of any aminoacyl-tRNA 
synthetase had not previously been reported. Thus, this novel system 
was analyzed. Studies with aurin derivatives showed that the analogs of 
ATA were all potent inhibitors of this reaction, indicating a different 


mode of ATA action than in the mRNA binding reaction. In spite of this 
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difference, the presence of hydroxyl and/or carboxyl groups enhances 

the inhibitory activity as was the case in ATA action on the mRNA: 
ribosome interaction. Studies into the site of ATA action in the syn- 
thetase reaction indicated that it binds to the enzyme . The stoichio- 
metry of ATA binding to the synthetase was calculated to be approximately 
6 ATA molecules per enzyme molecule. This binding of ATA to the synth- 
tase was found to result in non-competetive inhibition of the binding 


of tRNA to the enzyme. 
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CHAPTER 1 


Introduction 

The protein synthesizing machinery of living systems is com- 
posed of a number of protein and RNA components which interact with 
each other in a specific manner. These components are: more than 40 
kinds of tRNA specific to individual aminoacids, aminoacyl-tRNA synthe- 
tases which specifically recognize one Ae 20 amino acids, messenger RNAs 
whose numbers could be equal to the entire gene contents of an organism, 
protein factors which control each step of the protein synthesizing 
machinery (the three initiation factors, three translocation factors, 
and one or two termination factors), and ribosomes. The ribosome plays 
a central role in the protein synthesis by providing the binding sites 
for these reaction components (Haselkorn and Rothman-Denes 1973). The 
ribosome itself, however, is composed of two subunits, and in fact each 
subunit is made of RNA (288 and 5S for the larger subunit and 18S for 
the small subunit) and more than two dozen proteins. The complexity of 
this ribosomal structure and the specific recognition by protein subunits 
of a specific site of ribosomal RNA still remain a mystery even in the 
bacterial system (see Review by Kurland 1972). In fact, the mechanism 
of the specific protein:RNA interactions involved in protein synthesis 
is not elucidated to date. 

In this regard, the Adaptor Hypothesis by Crick (1958) is 
perhaps the clearest illustration of the questions that must be answer- 
ed to understand the process of protein synthesis. The original problem 
of how the nucleotide sequence is translated into an amino acid sequence 
is now being replaced by the new question of how to couple the amino 
acids to specific adaptors (tRNAs). After all, the enzymes, aminoacyl- 
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tRNA synthetases, are a sequence of amino acids, and they must recognize 
the specific combination or sequence of nucleotides of the tRNAs. There- 
fore, the elucidation of the mechanism controlling these protein:RNA 
interactions is extremely valuable in understanding protein synthesis. 
This study deals with an inhibitor of such protein:RNA interactions 
involved in an early stage of protein synthesis. In particular, it was 
our intention to study the action of aurintricarboxylic acid (ATA) and 
its derivatives on the mRNA:ribosome interaction and on the aminoacyl- 
tRNA synthetase reaction(see Fig. 1 for structure of ATA derivatives). 

It was in 1951 that the aurin dyes first drew some attention 
in biomedical studies when White et al demonstrated that ATA can be 
used in the treatment of beryllium poisoning in mice. Their studies into 
the mechanism of ATA action indicated that ATA likely removes beryllium 
from its site of action by chelating the ion (Schubert et gl 1952, 
Lindenbaum et al 1954, Lindenbaum and White 1954). This mechanism appears 
to analogous to the technique of mordanting cotton in dye technology. 
The test using triphenylmethane compounds other than ATA failed in the 
poison treatment (White and Schubert 1954, Lindenbaum and White 1954). 
Later’ studies on the distribution of ATA in the tissue of beryllium- 
poisoned mice led to the gonelusion that the ATA:Be complex bound to 
protein fibers of the tissue examined (Lindenbaum et al 1954, Schubert 
and Lindenbaum 1954, Lindenbaum and Lisco 1956). 

At about the same time, physical and chemical studies on the 
dye:protein interaction were progressing with emphasis on developing 
probes into conformational aspects of the proteins (Oster 1951, Brown 
1951, Shimao 1952, Kusunoki 1952). Brown studied the decoloration of 


dye solutions by proteins, and speculated that the decoloration of dye 
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Fig. 1 Structures of the aurin derivatives used in the mRNA binding 


reaction and in the phenylalanyl-tRNA synthetase reaction. 
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solutions may be due to complex formation between the dye and the added 
protein molecules. It was also found that the oxidation of SH-groups 
results in reduced decoloration of dye by protein, indicating the 
involvement of SH-groups in the dye:protein interaction. Brown further 
postulated that the site of interaction on the dye molecule was the 
central carbon atom of the triphenylmethane dye. 

It was almost two decades after the work of Brown's group 
that the scientific value of ATA was nedisenueded: Grollman and Stewart 
(1968) reported that ATA inhibits the translation of bacteriophage £2 RNA 
in the E. coli cell-free system. They demonstrated that ATA action is 
exerted at the initiation step of protein synthesis. This was a novel 
finding since there had been no inhibitor specific to the initiation 
step at that time. Thus the role of ATA in arresting the reaction at 
the mRNA:ribosome interaction is of considerable interest in the field 
of protein synthesis. 

Immediately following the report by Grollman and Stewart 
(1968), the effect of ATA on a variety of nucleotidyl transferase 
reactions and on protein biosynthesis was examined by the members of 
Dr. Igarashi's laboratory—including myself. The enzymes tested were: 
DNA-dependent RNA polymerase of E..coli, R17 RNA-dependent RNA poly- 
merase, tRNA 3'-terminal nucleotidyl transferase from E. coli and L cells, 
16 aminoacyl-tRNA synthetases and synthetic mRNA binding to ribosomes 
(all unpublished data). All of the enzymic reactions tested were found 
to be inhibited by ATA. This broad spectrum of enzymes susceptible to 
ATA suggested to us that ATA is not a specific inhibitor, contrary to 
the initial proposal by Grollman and Stewart (1968). However,all of 


the reactions tested appear to be sensitive rather specifically to ATA. 
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Other triphenylmethanes tested require concentrations 10 to 100 times 
that of ATA to exert the same level of inhibition. We thus directed 

out study toward the elucidation of the mechanism by which ATA uniquely 
inhibits the enzyme reaction in hope of providing some insight into 

the specific recognition of RNA by protein. The present study was there- 
fore aimed specifically at the determination of whieh components of the 
mRNA binding reaction and of the getageey t= tRNA synthetase reaction, 
both of which occur in the initial stages of protein synthesis, could 
complex with ATA. An attempt was also made to determine the effect of 
ATA on the binding of other ligands to the enzyme. 

This study employed the incorporation of phenylalanine in the 
reticulocyte cell-free system as directed by poly-U. At the outset, the 
concentration of ATA required for 50% inhibition of the mRNA binding 
reaction was established. Further studies showed that the site of ATA 
action is on'the ribosome, but that the preformed mRNA:ribosome complex 
is resistant to ATA action. The determination of the ATA binding site 
was not possible due to the complexity of the ribosome structure and 
the presence of associated proteins. An examination of the inhibition 
from the viewpoint of ATA peat ture was carried out using ATA analogs. 
The results showed that the presence of carboxyl and/or hydroxyl groups 
is required for inhibitory action. 

For the examination of ATA action on aminoacyl-tRNA synthesis, 
the Phe-tRNA synthetase reaction was used. The study using ATA analogs 
in this system suggested a different mode of action from that in the 
mRNA binding reaction, even though the carboxyl and/or hydroxyl groups 
are necessary for the inhibition. The results clearly show that ATA 


binds to the enzyme and quantitation of the ATA:enzyme interaction 
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indicated that there is a specific number of ATA molecules bound per 
enzyme molecule, at approximately a ratio of 6:1. An examination of 
the effect of ATA on the binding of other ligands to the enzyme showed 


that it interferes with the binding in a non-competative manner. 
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CHAPTER 2 


MATERIALS AND METHODS 


(2-1) Radioactively Labelled Chemicals 


The following radioactively labelled chemicals, with specific 
activities as given in parenthesis, vere used in this study. 3y-cTP (Q07R4 
Ci/mmole) and eerhen le tanice (5-16 Ci/mmole) were purchased from New 
England Nuclear. *H-polyuridylate (52.8 mCi/mmole polynucleotide phos- 


phorus) was from Miles Laboratories Inc. 


(2-2) Chemicals 

ATP,GTP, and CTP were from Schwarz/Mann. Polyuridylate was 
purchased from Miles Lab. Inc. Phosphoenolpyruvate, Trizma base, heparin, 
and phenylhydrazine-HCl were from Sigma. Puromycin was from Nutritional 
Biochemicals. All of the triphenylmethane dyes except ATA (a Baker pro- 
duct) were obtained from Harleco. Sepharose, Sephadex, and Agarose were 
purchased from Pharmacia Fine Chemical Co. DEAE-cellulose was from Carl 
Schleicher and Schuell Co. PPO (2. 5-diphenyloxazole) and POPOP (1,4- 
bis(2-(5-phenyloxyzoylbenzene)), which were used in scintillation fluid, 
were purchased from New England Nuclear. All other chemicals were rea- 


gent grade from Baker. 


(2-3) Biological Materials 
New Zealand white rabbits (2-3 kg) were used for the prepara- 
tion of reticulocyte cells. Yeast tRNA (unfractionated) and phospho- 


diesterase from Crotalus adamanthus venom were purchased from Calbio- 
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chem. The marker proteins ( glucose oxidase, chymotrypsinogen A, and 


lysozyme) used for molecular weight estimation were obtained from Sigma. 


(2-4) Buffered Solutions 
The following buffered solutions were used wherever suitable: 
Buffer A (Tris 10 mM, KCl 5 mM, MgCl. 0.2 mM, sucrose 50 mM, final pH 


7.6). Buffer B (Tris 50 mM, KCl 5 mM; MgCl, 0.2 mM, final pH 7.8). 


2 
Buffer RM (Tris 100 mM, KCl 60 m™, MgCl, 10 mM, B-mercaptoethanol 4 mM, 


final pH 7.8). Buffer RN (Tris 25 mM, KCl 40 mM, MgCl, 5 mM, B-mercapto- 


2 
ethanol 5 mM, final pH 6.5). 


(2-5) Preparation of Rabbit Reticulcyte Polysomes and Monosomes 


Reticulocyte cells were obtained from New Zealand white rab- 
bits (2-3 kg) which had been treated with five daily injections of 2.5% 
neutralized phenylhydrazine HCl at a dosage of 0.33 ml per kilogram 
body weight per injection (Burny and Marbaix 1964). After a two-day 
resting period, the rabbits were anesthetized by injection of 2 ml Nem 
butal (50 mg/ml) into the marginal vein of the ear. Immediately, hep- 
arin (2 ml of a 1% solution) was injected. Then blood was collected 
through the marginal vein of the ear using a vacuum apparatus. The per- 
centage of reticulocytes was examined under a microscope. When the 
reticulocytes exceeded 85% of the total blood cells, the blood was pro- 
cessed as fol lows: the cells were lysed in a hypotonic saline solution 
and insoluable materials were removed by centrifugation at 10,000 x G. 
The resulting supernatant was further clarified by centrifugation at 
30,000 x G. This fraction was then subjected to high speed centrifug- 
ation at 142,000 x G for 40 min in a preparative ultracentrifuge to 


precipitate polysomes. The resulting supernatant was then incubated at 
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37° for 40 min in the presence of added puromycin (1 mM) and GTP (0.1 
mM) in order to convert residual polysomes to monosomes. The monosomes 
were precipitated at 142,000 x G for 90 min and suspended in Buffer A. 
The monosome concentration was adjusted to 100 An60 units per ml and 


stored in a liquid nitrogen refrigerator. 


(2-6) Preparation of Aminoacyl-tRNA Synthetase from Reticulocyte Cells 


A mixture of aminoacyl-tRNA synthetases was prepared from the 
supernatant of the high speed pence fuse ton. post-monosomal superna- 
tant, as described in section (2-5). Two volumes of saturated ammonium 
sulfate in Buffer A were added to one volume of the supernatant, and 
the resulting solution was allowed to stand in the cold for 60 min. The 
precipitate was then collected by centrifugation at 15,000 x G for 30 
min in a Beckman model J21 refrigerated centrifuge. The precipitate was 
dissolved in.Buffer A to give a protein concentration of 20 mg/ml, and 
was stored at -20°C until. use. This fraction was designated as the 
AS66-fraction. 

Partial purification of Phe-tRNA synthetase was performed as 
follows: a portion of AS66 fraction was dialyzed overnight against 
Buffer B at 4°C in order to reduce the concentration of the monovalent 
cation to approximately 20 mM KCl equivalent. The reason for the choice 
of Buffer B is that the higher Tris concentration is required to main- 
tain constant pH during the subsequent column chromatography. The 
dialyzed fraction was fractionated on a DEAE cellulose column using a 
batchwise method. The column was first developed with Buffer B and then 
with Buffer B containing 0.1 M ammonium sulfate. Phe-tRNA synthetase 


activity was found jn this 0.1 M ammonium sulfate fraction, while the 
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majority of hemoglobin was eluted in the Buffer B wash. The fractions 
containing the synthetase activity were pooled and dialyzed at 4°C for 
18 hr against Buffer B containing saturated ammonium sulfate. The 
precipitate formed in the dialysis tubing was collected by centrifuga- 
tion at 15,000 x G. The precipitate was then dissolved in a minimal 
volume of Buffer B. This enzyme fraction was then subjected to molecul- 
ar seiving chromatography using Sepharose 6B. A 20 mg portion of the 
enzyme fraction was loaded onto a Sepharose 6B column of bed volume 

150 ml and processed with Buffer B containing 150 mM ammonium sulfate. 
Each fraction was examined for Phe-tRNA synthetase activity , and 
active fractions were pooled and dialyzed against saturated ammonium 
sulfate in Buffer B overnight. The precipitate was collected by centri- 
fugation, and dissolved in Buffer B to give a final concentration of 

10 mg/ml. This fractionation procedure achieved a 50-fold increase in 


specific activity of the synthetase from the AS66 fraction. 


(2-7) Preparation of Snake Venom Phosphodiesterase Treated tRNA (s.v.tRNA) 


In order to provide the substrate for the tritiation of tRNA, 
yeast tRNA was subjected to a limited digestion of the 3'-terminal end 
by snake venom phosphodiesterase. An incubation mixture contained in 
2 ml, tRNA 50 mg, phosphodiesterase 0.045 units, lysine 0.1 M (pH 9), 
MgClo 1.2 mM. After 30 min reaction at 37°C, the reaction mixture was 
extracted three times with 1 ml of water saturated phenol. From 
the final aqueous layer, RNA was precipitated by the salt- 
methanol method of Igarashi and McCalla (1971). The precipitate was 
washed with ether-methanol, dried, and dissolved in water.The tRNA 


treated with snake venom phosphodiesterase under the conditions specified 


10 


x02) oe 15. 8 er. bri oblong 3am. r 


vig ; a 
e - ; i 
oA seion os k pores, pedeawaee: ei ox & 
_ © 
Gaiels rd hetgal ice 28¥: a a aieylatd ald ab b DS 


tiudrake 6 ‘He bovivaekb ine  ) pindigioet, ear ‘2, 
eI. 


-~Juosiorm od agate ioe nodd dane nolsoead ee. eS a xeon 


and 29 sotasog uae OS A... 808 poesengne Baten, ‘eigie ie" 
vitts Lov bad Yo amvios a oabaniige® BR aaah na howd 
ye Tee “my Telomins Mn O25 gatolssads 1 soa dasy pee 
‘Pee fe 
bas Lo ytiviase op actednate AAI “sl, ‘Sod ‘benkttexs aow 

on tr Oomui bots iuses. aya hasglatb bite balodq? 478%, aoa 
E3at ies; x, nes affoa env ated lyfadtq ot : sdglarseivo a bee: 
i ie, 

“30 “sobtatte9sn09, Tent s ovha os ‘Po tottue, a baron hat ott 
ae, 


ri Soups’ Btod 08 5 pagan Sulbasorq nokigao tases} atit ce a 


‘soda st BB2A alia ae ‘sbaauilgeegs a, 30. iviees- 


. 
~ 


S 
Vesa! 


beagegt suasaseetbod gents modeV oiipde. to ‘10: 33 | 


shina io abisstata ad “a Sartore sift i cikaatad at ore ax 


t oe fa) u {. 6 sittin! eesdnu LEAD. veez2i¢atbonino cou 2 ‘eu ery ney 
o Bay Synod foltise, aid athe 45 noidanas rim de t537A Mm SUE a | | 
| et | Seiad ad hosazs3s2 ‘asthe. too la I dade eourd ood Sem 
| “aise: ss ud Boonriqioany ese pie ‘7s¥al SuO90 ER tant ota 
; ni “ay sand tatgang say Carel). plindon bis Piss sai Qo bedtsn taaieag. 
batt aati Bit oat, reial a bavioas2s bis | chats ‘iiss Bites dea faiw bsilanw 


uP stating tebau senxiy cat Sartor moray oolsine Tei, Socata 


» 3 


mie “Sg - 


lacks the 3'-terminal residue -CA and in small proportions -CCA and is 


designated as s.v.tRNA (Igarashi and McCalla 1971). 


(2-8) Radioactivity Measurement 


The filters that retained radioactive materials were placed 
in vials containing 5 ml of the scintillation fluid composed of PPO 
6 g, POPOP 0.6 g, in toluene 1 liter. The radioactivity was measured in 
a Beckman Scintillation System LS-200B. A 10% counting efficiency was 


obtained for tritium. 


3 
(2-9) Preparation of H-yeast tRNA 


The method used to prepare labelled yeast tRNA involved the 
addition of 34-cMP to the 3'-terminal of s.v.tRNA catalized by 3'- 
terminal nucleotidyl transferase of L-cells (Igarashi and Larratt 1974). 
The reaction mixture (0.1 ml) contained lysine (pH 8.5) 100 mM, MgClo 
1 mM, MnCl, 1 mM, KCl 200 mM, B-mercaptoethanol 0.5 mM. In addition, 
10 uCi of 2H-CTP, 1 mg of s.v.tRNA and 100 pg of tRNA 3'-terminal nucleo- 
tidyl transferase were added. This reaction mixture was incubated at 
37°C for 60 min. At 60 min, 0.1 nmoles of CTP per 0.1 ml of reaction 
mixture was added, incubated at 37°C for 10 min and finally 0.5 umoles 
ATP per 0.1 ml reaction mixture was added and incubated an additional 
20 min at 37°C. To the reaction mixture, an equal volume of water sat- 
urated phenol was added. After 5 min of vigorous mixing using a Vortex 
mixer, the aqueous layer was separated from the phenol layer by means of 
centrifugation at 15,000 x G for 5 min at 15°C. In order to ensure clear 
separation, the rotor was stopped by coasting. The aqueous layer was re- 


extracted with phenol. Then two volumes of methanol were added to pre- 
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cipitate tRNA. After one hour of standing in the cold, the precipitate 
was collected by centrifugation at 10,000 x G for 10 min. The pellet was 
washed twice with a salt-methanol mixture (1 M KCl : methanol = 3:7, in 
volume), once with a methanol-ether mixture (1:1) and finally with 
ether. The final pellet was dissolved in distilled water to a RNA 


concentration of 10 mg/ml, yeilding 17,000 cpm per microliter. 


(2-10) Assay Method for Polyphenylalanine Synthesis 


Protein synthesis in the reticulocyte cell-free system was 
measured by following the poly-U directed incorporation of 3H-phenyl- 
alanine into a hot TCA insoluable material. The reaction mixture (0.1 
ml) contained: Tris (pH 7.8) 100 mM, MgCl, 10 mM, KCl 20 mM, B-mercapto- 
ethanol 5 mM, ATP 1 mM, GTP 5 uM, phosphoenolpyruvate 0.5 mM. In | 
addition, 2 uCi of qiopienyhalbeninies 10 pg poly-U, 100 ug of post-ribo- 
somal proteins and 2 Aveo units of ribosomes were added. The reaction 
took place at 37°C for 60 min. At intervals, 0.1 ml aliquots were with- 
drawn and placed on filter’ discs: The discs were processed with the hot 
TCA wash method, and then subjected to radioactivity measurement as pre- 
viously described (Igarashi and Paranchych 1967). In short, the filter discs 
were soaked in cold 10% TCA and allowed to stand in the cold for 40 min, 


followed by 5% TCA wash twice at room temperature. Discs were then 


heated to 90°C for 45 min in 5% TCA, and washed twice with 5% TCA. They 


were extracted with ether-ethanol (1:1) mixture for 15 min and finally 
with ether for 10 min. After being completely dried, the discs were 
placed in a toluene scintillation fluid. The radioactivity retained on 


each filter was measured as described in (2-8). 


eee dollaq sil ernie 208 n 4a este 


at ,:0 = Loqncaam > TOR Pe) south oct 
“Nib vilentt bos (1:5) shea Sn ‘asdsocten 

Ni5i-n. 33 rodet ‘boll rset ab bavtoualb: Saou 

_weaitoxoie = ont coo. vz cnshtoeten Of ite 


ree tt 
} 
= 


gslestinye 'sn. esate it deat { toi budiaay Re) , 

‘a mazeye gettaf les sdyoohvelaoa od ™ paren eae a 4 | 
<rgnatigeii? to notsarouse2at beatenth te eleg ots seeeton - “ | 
ES) sade ngiigast SAT Aoltersn ‘efdavtoza? ‘noe tod» 
“olga qusand Mar 08 193 tts OF: or (i ODI ce . ‘ay rir ” i 09 
’ atl she, 2.0 ptevoncalonmeiig abiig My & a0. apelin my 
rodis+9e0g te ou a0! nc | au <vobesta teak ae 
| iced Se att Jobb, s1sw pamcaodt fo asia tee oi ‘bab ants 
“igs ce enarpils het 0) <etawiesan ak inka, 0862 pete 48.85 22) 
aon sata fav baat ego7q ote eaeke eat edetb sa9L3 3) teanaualy 
589 ap dtraciganre' pom wpivtagaallesc ag pripei dee: gare iy Ana ue 
eoeth pane oda avei nt Wagt “daxdomnaet bis” Lasp-pal) hedtanesd 3 
“=. glia on $02 Bien sit aE bake Sod) bowed Is ba AoT 80x bioo nt) belsow @ 


ern, ahs 


tea ain: chats seid foot: js sate) desu DT pet wd ae 4 


da 


; Naat “AT, se Atv SStws bodagye bin, AST, be at nim £) gol SSO. 92 ‘betaod 


ehisét bos ska hi 103 2b tackan <1) Ipngd3a-4 5ito/dsiv busoaxtée rawr ay 
: Se he - aaee Board ass. ynehte giessiqueg gated ts724 .stie OL x03 sete Hot ¥ 7 


* oa SEAT, se tylaawo tb oN bight nofipiLtanise ensuto: Bg ah Hopens 


! a4 (Bs sy at  BeAlapaee ae beTuason baw 19a TES , dase as Ss 


(2-11) Assay Method for Phe-tRNA Synthesis 


Aminoacyl-tRNA synthetase activity was measured by the 
incoporation of PHephenyilelanine into a cold TCA insoluable fraction. 
The reaction mixture (0.1 ml) contained: Tris (pH 7.8) 100 m, MgCl, 

10 mM, KCl 30 mM, B-mercaptoethanol 5 mM, and ATP 1 mM. In addition, 

2e wii o£ Pip chewy Valantneh 100 ug of tRNA and 100 ug of the synthetase 
were added to each 0.1 ml of reaction mixture. The reaction took place 
at 37°C for 20 min. At intervals, 0.1 ml aliquots were removed and 
processed with the cold TCA wash (Igarashi and Paranchych 1967). In 
short, the discs were immersed in cold 10% TCA for 40 min, followed by 
four successive washes with cold 5% TCA for 15 min each time. They were 
then extracted with ether-ethanol (1:1) for 15 min, and finally with 
ether for 10 min. After being dried, the discs were placed in a scutons 
scintillation fluid and subjected to radioactivity measurement as des- 


cribed in (2-8). 


(2-12) Assay Method for Poly-U Binding to Ribosomes 


34-poly-U binding to ribosomes was measured either by the 
membrane filtration method using Millipore filters DA (pore size 0.65) 
(Igarashi and Paranchych 1967), or by the gel-filtration method using 
Agarose A50M. In both methods, 3u-poly-U (20 umoles polynucleotide 
phosphorus) was mixed with ribosomes (5 An6o units) in 0.5 ml of the 
reaction iaterine containing: Tris (pH 7.8) 50 mM, MgCl, 5 mM, KCl 40 
mM, and B-mercaptoethanol 1 mM. The reaction mixture was incubated in 
the cold (4°C) for 5 min, and examined for mRNA binding by one of the 


two methods mentioned above. 


For the Millipore filtration method, the samples were diluted 
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with 5 ml of Buffer RM and filtered through the filters using a 
suction apparatus. The membrane filters were further washed with 10 ml 
of Buffer RM containing bovine serum albumin (1 mg/ml). After being 
dried, each filter was examined for radioactivity retained as described 
in (2-8). A control sample, which did not contain ribosomes, was pro- 
cessed similarly. The difference in radioactivities between experiment- 
al and control samples represented the amount of Spepolyeu bound to 
ribosomes. It should be mentioned that these membrane filters had to 
be pretreated in order to reduce nonspecific retention of 34-poly-U by 
soaking the filters in 0.1 N NaOH, rinsing with distilled water several 
times, and then soaking in 0.1 N HCl. Finally, they were washed with 
distilled water until neutralized, dried at room temperature, and 
tested for nonspecific retention of the polynucleate by random pene 
This pretreatment of filters reduced the background of 3H-poly-U reten- 
tion to a negligible level (less than 200 cpm). 

ok the gel-exclusion method, an Agarose A50M column of bed 
volume 10 ml was used. The reaction mixture (0.5 ml) was loaded onto 
the column, and then developed with Buffer A. In order to determine the 
elution position of ribosomes as well as of poly-U, they were processed 
separately on the same column under identical elution conditions to 
those above. Since the elution positions of these two components are 
quite far apart when processed separately, the radioactivity which 
eluted at the same position as the ribosomes was attributed to poly-U 


binding to ribosomes. 


(2-13) Assay Method for 3y-tRNA Binding to Phe-tRNA Synthetase 


34-tRNA binding to the synthetase was measured using Millipore 


filters DA. The partially purified synthetase (50 yg) was mixed with 
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3 : 
H-tRNA (10 pmoles) in 0.5 ml of the reactiom mixture containing: Tris 


(pH 6.5) 25 mM, MgCl 5 mM, KCl 40 mM, and B-mercaptoethanol 5 Pe The 
reaction mixture was incubated in the cold for 5 min, diluted with 5 
ml of Buffer RN, and filtered through the membrane filters using a 
suction apparatus. The filters were then washed with 10 ml of Buffer 
RN containing 1 mg/ml of bovine serum albumin, and examined for radio- 


activity as described in (2-8). 


(2-14) Sepharose 6B Column Chromatography , 


Sepharose 6B column chromatography was used for two types of 
experiments under identical conditions. The first of these was designed 
to detect ATA binding to individual reaction components. The second 
was to estimate the molecular weight of the enzyme. For both studies, 

a column of bed volume 5 ml (5 mm x 130 mm) was used and developed with 
Buffer RM. For the use of such a small column, the volume of sample was 
limited to 50 yl. 

For the binding studies, the reaction mixture was chromato- 
graphed first, followed immediately by chromatography of individual 
reaction components. In order to determine the peak positions of these 
components, the effluent was monitored at suitable wavelengths: 260 nm 
for tRNA, 280 nm for proteins and 308 nm for ATA. 

For the molecular weight determination, the enzyme solution 
was first processed on the column. Then four proteins of known molecul- 
ar weight were chromatographed in order to obtain the correlation be- 
tween the elution volume vs. molecular weight. These marker proteins 


5 4 
used were: glucose oxidase, 2.86 x 10 ; hemoglobin, 6.8 x 10 ; chymo- 


4 4 
trypsinogen A, 2.5 x 10 ; and lysozyme, 1.4 x 10 . 
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CHAPTER 3 


THE EFFECT OF ATA AND AURIN DERIVATIVES ON mRNA:RIBOSOME BINDING 


(3-1) Introduction 


The initiation of polypeptide synthesis in biological systems 
involves a series of reactions leading to the formation of the complex 
designated as the 'initiation' complex (Nomura and Lowry 1967) which 
includes the ribosome, mRNA, and aminoacyl-tRNA as the three key com- 
ponents. In addition, a number of protein factors control the inter- 
actions among these three reaction components (Revel and Gross 1966). 
Although the general features of the process leading to the formation 
of this initiation complex are now well understood, the nature of ae 
interaction between the individual reaction components has not yet 
been elucidated. One of the reasons for such a delay in understanding 
the mechanism may be attributed to the lack of suitable inhibitors for 
the individual steps in agdiotien formation. For this reason, the report 
that ATA was a specific inhibitor of the initiation of polypeptide 
synthesis (Grollman and Stewart 1968) was a significant discovery. This 
finding was made using the bacterial cell free system and soon was con- 
firmed by other groups using mammalian and plant cell-free systems 
(Lebleu et al 1970, Marcus et gl 1970). With the hope that a detailed 
analysis of ATA inhibition of initiation complex formation could shed 
some light on the mechanism of interaction between mRNA and ribosomes, 
we decided to undertake a study of the effect of ATA on the binding of 
poly-U to rabbit reticulocyte ribosomes. 


The studies described in this chapter involve the determina- 
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tion of the inhibitory concentration of ATA in polyphenylalanine syn- 
thesis and in the poly-U:ribosome binding reactions, the determination 
of the site of ATA action, and the determination of the structural 
features of ATA responsible for the observed inhibition. These studies 
led us to conclude that ATA is the most effective inhibitor among the 
aurin derivatives tested, and that ATA forms a stable complex with 
ribosomes. ATA thus appears to be a unique inhibitor of mRNA:ribosome 
interaction. However, as will be described in Chapter 4, it was found 
that ATA analogs inhibit reactions other than the mRNA:ribosome complex 
formation, in particular the synthesis of the precursor molecule— 
aminoacyl-tRNA. Thus,ATA is not a specific inhibitor for mRNA:ribosome 


interaction (Igarashi and Zmean 1974). 


(3-2) Results 
Effect of ATA on Polyphenylalanine Synthesis 

ime inhibitory concentration of ATA in the poly-U directed 
polyphenylalanine eiicete was determined using rabbit reticulocyte 
monosomes supplemented by the AS66 fraction as a source of Phe-tRNA 
synthetase and other factors. The complete reaction mixture as des- 
cribed in the Methods was used with the presence of varying concentra- 
tions of ATA. The reaction was carried out at 37°C for 40 min and the 
samples were processed as described in the Methods. The level of ae 
phenylalanine incorporation at 40 min of reaction was expressed as per- 
cent of the control experiment which did not contain ATA. Fig. 2 dem- 
onstrates that ATA inhibits the overall protein synthesizing activity 
to 50% at approximately 5 uM (I5q = 5 uM). Thus the inhibition of retic- 


ulocyte protein synthesis was established. 
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Fig. 2 Inhibition of polyphenylalanine synthesis by ATA. Poly-U directed 
354-Phe incorporationWas assayed as described in the Methods (2-10). The 
incorporation of 34-phenylalanine in the absence of ATA was taken as 
100%. Activity demonstrated in the presence of varying amounts of ATA 


was expressed as a percent of the control value. 
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Effect of ATA on the mRNA Binding to Monomeric Ribosomes 


At the time this investigation was undertaken, it was general- 
ly believed that ATA was a specific inhibitor of mRNA:ribosome complex 
formation. Therefore, an experiment was designed to determine whether 
the foregoing inhibition of polyphenylalanine synthesis by ATA is 
attributable solely to an inhibition of the poly-U:ribosome interaction. 
In order to do so, the interaction between monomeric rabbit reticulocyte 
ribosomes and Wee ey was examined in two ways. The first of these 
methods involved the use of the membrane filtration method employing 
Millipore filters DA (pore size 0.65u). The reaction mixture contain- 


ing ribosomes (5 A units) and bore 0 (20 nmoles polynucleotide 


260 
phosphorus) was incubated in cold Buffer RM for 5 min, then subjected 
to membrane filtration. The effect of various concentrations of ATA on 
the binding reaction was examined and expressed by percent inhibition. 
As shown in Fig. 3 the level of ATA required for 50% inhibition (T50) 
of the reaction is 20 uM. It is noteworthy that this Teo value is 
slightly higher than the I 0 for overall polyphenylalanine synthesis. 
This difference led us to the investigation of other ATA sensitive 
reactions in protein synthesis as described in Chapter 4. 

The second method used to study the effect of ATA on the 
binding of mRNA to ribosomes was the gel exclusion method using Agarose 
A5OM. The reaction conditions had to be slightly modified from those 
used above ie to the limited sensitivity of this method. The ratio of 
ATA to ribosomes was set at Ip (no ATA, 5 An60 units of ribosomes) , Teo 
(20 uM ATA, 5 460 units of ribosomes), and Lae (40 uM ATA, 5 460 


units of ribosomes). An excess of poly-U was used to ensure maximum 


binding of poly-U to ribosomes in the system. Although the column 
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Fig. 3 ATA inhibition of 34-poly-U binding to monomeric ribosomes. 


Assays were performed as given in the Methods using Millipore filtration. 


The reaction mixture contained 5 An60 units of ribosomes, 20 nmoles 
poly-U phosphorus, and various concentrations of ATA. The level of He 
poly-U bound to monomeric ribosomes in the absence of ATA was taken as 
100% activity. efoneteetl binding in the presence of varying amounts 
of ATA was examined, and the results were expressed as a percent of 


the control level. 100% corresponds to 18,000 cpm. 


20 


“Ob 
Mw ‘ono 4 


tometer otsationon 9% ‘qabinte satin oe i ata ATA 


eet vaiia ‘org HLM gutew eborttem if a nevis a ‘BB “bamso%iog otew 


; B: at own ge: <Forododiin to” epien wast @ _bomris3a09. ortidack iam 


a 36 Lavan’ BUT. ATA 36 enGkeatneaaao aust ze. bas < Sursurig ocr bee 
“saeaieg aa ATA 2 to onsen att al sastowody a: Siszsaonem of bawod Uakghog 
|} wiavome: gat) 
ne ,. ia os ear 46 pense sit) wt vatbate Oona qtivitos x01 


a : ie bai B as bonaiiagap axe aituae; ‘oda ee ihisadatts eaw ATA 6 i 
es a “ a, ah i : fot 
cry er a abode v0 oor Siohal fossa i 


S) se #.¢ Pe) oe) A) i aprant CMLale 
| ' r ara * 7 Che 
% : er : j [ ( 
et ie | D>, eee ar, vee i 7 Sere, opera } 


chromatography method gives rise to qualitive rather than quantitative 
data, Fig. 4 shows the expected inhibition values, and can be consider- 
ed as a reconfirmation of the data obtained by the membrane filtration 


method. 


Site of Action in the mRNA:Ribosome Binding Reaction 


The next step in this study was to acertain which reaction 
component interacts with ATA. If ATA inhibition is mediated by complex- 
ing with one of the reaction components, then increasing the concentra- 
tion of that particular component in the presence of a fixed concentra- 
tion of the dye should relieve its inhibitory action. The first com- 
ponent to be examined in this regard, therefore, was poly-U. It was 
added in increasing amounts to a reaction mixture containing constant 
amounts of ATA and ribosomes. Fig. 5 shows that for all poly-U concen- 
trations tested, the inhibition due to ATA was maintained at a level 
of about 60%. The effect of varying the ribosome concentration in this 
system was examined next, and the results are shown in Fig. 6. It may 
be seen that as the ribosome concentration was increased, there was a de- 
crease inthe inhibition of poly-U binding. The foregoing two experi- 
ments thus suggest that the ribosome most probably is the component 
which interacts with ATA. However, ere results in Fig. 6 could also be 
interpreted in terms of ATA binding to impurities in the ribosome 
solution. 

To exclude the latter possibility, a study was carried out 
whereby the isolation of a ribosome:ATA complex was achieved by gel 
exclusion chromatography. First, poly-U and ribosomes were individually 


processed through a Sephadex G25 column of 10 ml bed volume, using 
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Fig. 4 ATA inhibition of ee enaly-Uubindine to monomeric ribosomes as 
detected by the gel exclusion method. Assays were performed as given 

in the Methods using Agarose A50M column chromatography. Ribosomes 

(20 An60 units) were mixed with excess 2 eaodorel (200 nmoles phosphorus) 
in the presence of no ATA (©), 80 uM ATA (0) and 160 pM ATA (A ). 
The mixtures were incubated in cold Buffer RM for 5 min, diluted with 
the same buffer and chromatographed. 260 nm absorption (-——) and radio- 


activity for each fraction were measured. 
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Fig. 5 Effect of ATA on poly-U:ribosome binding at various concentra- 


tions of poly-U. The reaction mixture (see Materials and Methods) con- 


3 
tained 20 uM ATA, 5 A units of ribosomes, and H-poly-U as indicated 
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on the abscissa. The mRNA:ribosome complex retained on Millipore filters 
; 3 

was estimated by measuring the radioactivity derived from H-poly-U 

bound. Percent poly-U bound (ordinate) indicates the calculation based on 


the radioactivity in the experimental set over the value in the control 


set (no ATA present) at a certain concentration of poly-U. 
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Figs Goriffiect.of ATA ion Bese ini binding at various concentra- 
tions of ribosomes. The reaction mixture contained 20 uM ATA, 20 nmoles 
Seto hela phosphorus, and ribosomes as indicated on the abcissa. Reac- 
tion conditions and assay procedures are the same as those in Fig. 5. 
Percent poly-U bound (ordinate) indicates the calculation based on the 
radioactivity in the experimental set over the value in the control 


set (no ATA present) at a given concentration of ribosomes. 
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Buffer RM. As expected, these two components were excluded from the 
column due to their large molecular weight. ATA, on the other hand, 

was included in the column and thus was eluted with the included vol- 
ume. Secondly, poly-U and ATA were mixed and subjected to column chrom- 
atography. The elution profile corresponded to that obtained when these 
components were chromatographed individually: that is, poly-U appeared 
in the void volume and ATA appeared in the included volume. However, 
when the mixture of ribosomes and ATA was chromatographed, there was 
only one ATA peak in the void volume and none in the included volume. 
This was taken to mean that the ATA had formed a complex with the 
ribosome. 

An attempt was made to dissociate rabbit reticulocyte poly- 
somes by ATA treatment into monomeric ribosomes and free mRNA. Atchough 
binding of ATA to the polysomes did occur as detected by a spectro- 
photometric measurement, there was essentially no dissociation of the 
polysomes pas at ATA concentrations as high as 200 uM. This result 
indicated that a peeronned mRNA:ribosome complex is protected from 
ATA inhibitory action. 

Although the above results indicated that the ribosome is 
the site of interaction with ATA, further studies with this system 
were complicated by the fact that the ribosome fraction used in these 
studies contained messenger RNA binding factors strongly associated 
with ribosomes (Igarashi and Dufresne 1974). It was therefore possible 
that ATA binds to the protein which mediates mRNA binding to the 
ribosome, or that it binds non-specifically to one or more of the 
structural components of the ribosome itself. The exact site of ATA 


action could thus only be determined by purifying the factors and 
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ribosomal proteins, and examining the interaction of ATA with each of 
them individually. However, at the time this study was undertaken, the 
identification of these factors and the individual ribosomal proteins 
had not yet been completed. Thus no further study on the site of ATA 


binding within the ribosomal structure or with factors was possible. 


Comparative Study on the Inhibitory Action of Aurin Derivatives 


An important aspect of ATA action in this system, yet to be 
explored, was the structural feature of ATA responsible for the 
observed inhibition. A series of aurin derivatives were chosen on the 
basis of salient differences in their side chain constitution, and 
tested for their capacity to inhibit the mRNA:ribosome binding reaction 
using the Millipore filtration method (see Fig. 1 for structures). It 
is obvious from Fig. 7 that these compounds inhibit mRNA:ribosome 
binding to some extent, but the I50 values are at least 50 times higher 
than that of ATA. However, it is noteworthy that the order of inhibit- 
ory power is: ATA (Is5g = 20 uM) ,Aurin (I59 = 500 uM), Azure Blue B 
(I_.= 1500 uM). The foregoing results suggest that both carboxyl and 


50 


hydroxyl groups are required for effective inhibition. 
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Fie. ef) Ertectwor various aurin derivatives on poly-U:ribosome binding. 
3H-poly-U (20 nmoles phosphorus equivalent) was mixed with ribosomes 

(5 Ar60 units) in the presence of various aurin derivatives, and the 
resulting complex was measured by the Millipore filtration method as 
described in the Methods. For each concentration of the individual dyes, 
a calculation based on radioactivity in the experimental set over the 
value in the control set (nodye present) was done. This value is shown 
in the figure as percent poly-U bound (ordinate) where 100% represents 
the control experiment. Gap Aurin, ( 4) Azure Blue B, ( @) Fuchsin 


Acidic, (4) Erichrome Cyanine, (© ) Fuchsin Basic. 
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(3-3) Discussion 


The results reported in this chapter indicate that ATA in- 
hibits both polyphenylalanine synthesis and poly-U binding to monosomes 
in the reticulocyte cell-free system. These results are in good agree- 
ment with the report of Grollman and Stewart (1968). However, the 
concentration required for 50% inhibition of polyphenylalanine synthesis 
was 5 uM, while that for 50% inhibition of poly-U binding to ribosomes 
was 20 uM. Thus ATA is four times as effective in the incorporation 
reaction than in the mRNA:ribosome binding:-reaction. This indicates 
that there may be steps in the overall protein synthesizing system sen- 
sitive to ATA in addition to the mRNA:ribosome binding reaction. This 
prediction can be supported by the recent reports of Siegelman (Siegel- 
man and Apirion 1971, and Siegelman 1970) that various steps of nace 
synthesis can be inhibited by ATA. Further analysis of our system, as 
described in Chapter 4, revealed that among the individual steps of 
protein amaceaeds: aminoacyl-tRNA synthesis is strongly inhibited by 
ATA. Thus the very first reaction in protein synthesis, i.e. the 
formation of precursor is inhibited by ATA. This fact has not been 
reported in the literature to date and may be the cause for the higher 
sensitivity of the incorporation reaction toward ATA. Setting aside 
this new finding for discussion ane next chapter, the present dis- 
cussion will concentrate on the dye effect on mRNA:ribosome binding 
itself; 

In order to probe the mechanism of ATA action, three experi- 
mental approaches were taken. These included the effect of ATA on pre- 
formed polysomes, the relief of ATA inhibition by increasing the con- 


centration of reaction components, and detection of stable complex 
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formation between ATA and a reaction component. One experiment, in 
which the order of adding PAReeIon components was manipulated to see 
whether or not a preformed complex between ATA and a given reaction 
component changes the degree of ATA inhibition,showed that when ribo- 
somes and poly-U were mixed prior to adding ATA, the inhibition was 
negligible. This fact indicates that ATA interferes only with a process 
leading to the stable complex formation between mRNA and ribosomes. In 
fact, when isolated polysomes from reticulocytes were incubated with 
ATA, there was virtually no dissociation of polysomes into monosomes. 
This resistance of polysomes towards ATA action agrees with the above 
observation that ATA is less effective on preformed poly-U:ribosome 
complexes. Recent studies (Rhoads et al 1973, Henshaw et al 1973, and 
Phong Cheng et al 1973) which support this conclusion, demonstrated 
that the addition of low levels of ATA does not affect the structure of 
the polysomes,at least for the time required to complete nascent poly- 
peptide eneras. 

The second set of experiments was designed to determine the 
site of ATA action, and consisted Of changing the concentration of 
individual reaction components in the presence of a fixed concentration 
of ATA. Early studies of Brown (1951) and Lindenbaum (1956) indicated 
that ATA would bind to proteins. nodeveey no studies were reported 
examining the binding of ATA to RNA. The results reported here showed 
that varying the concentration of poly-U at a fixed concentration of 
ATA does not alter the effectiveness of the dye action, but that in- 
creasing the concentration of ribosomes showed a definite decrease in 
the ATA inhibition of poly-U binding to ribosomes. It is worth mention- 


aaa 
ing that the protein synthesizing reaction requires Mg as a cofactor. 
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Therefore, the possibility that the ATA inhibition is the result of 
chelating Me" * should be considered carefully. The Met? concentration 
in the reaction mixture was 1 mM or higher depending on the reaction, 
whereas the effective concentration of ATA is between 5-20 uM. Thus, 
to significantly reduce the Mgt? concentration to produce the observed 
inhibition of the reaction, each ATA molecule would have to chelate at 
least 20 Mg't ions. Such an occurance is chemically improbable and it 
was therefore concluded that the ribosomes are the site of ATA inter- 
action in producing the inhibition of the mRNA binding. 

The third set of experiments provided further support for the 
above conclusion. Gel exclusion chromatography of mixtures of ATA and 
poly-U or ATA and ribosomes showed that ATA binds to the ribosomes to 
form a stable complex which withstands the gel exclusion process. A 
similar stable complex between ATA and poly-U was not detected. Other 
laboratories have reported similar results (Grollman and Stewart 1970, 
and Heiberg et al 1971). It is thus clear that ATA binding to ribosomes 
causes an inhibition of the poly-U binding reaction. This observation 
gives rise to two questions: (1) what is the nature of ATA binding to 
the ribosomes? (2) how many ATA molecules will bind per ribosome? At 
this point ,however, difficulties were encountered in our studies due 
to the complexity of the ribosome ee Further delineation of the 
binding site must differentiate between ribosomal RNA, ribosomal protein, 
and the protein factors associated with the ribosomes. Separation and 
purification of these structural components of the ribosomes would be 
necessary to complete the assignment of the binding site of ATA which 
is directly responsible for inhibition of the mRNA binding reaction. 


An attempt was first made to prepare reticulocyte monosomes free of 
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poly-U binding factor using a method which was later applied to the 
rabbit liver monosomes successfully (Dufresne and Igarashi 1974). 
However, it was not effective in the reticulocyte system, since the 
method gave only about 50% removal of the poly-U binding factor as 
compared to 99% removal fron liver monosomes. The reason for this 
difference between liver and reticulocyte ribosomes is as yet unknown. 
Since the poly-U binding factor of the reticulocyte systemwas very 
strongly associated with the ribosome, it was not possible to carry 
out further studies on the nature of ATA binding to reticulocyte 
ribosomes. 

The attempt to elucidate the nature of the ATA binding site 
was limited to the extent just described in the preceeding section. 
However, one more important aspect of the inhibitor study must be ee 
sidered, i.e. the structural element of ATA responsible for the observ- 
ed inhibition. In this regard, the effect of various aurin derivatives 
on the aRNA Se Tbosams binding reaction was examined. The results showed 
that all of the eonpounds scence are capable of inhibiting the reaction 
to some extent. They are,however, much less effective than ATA-a 
concentration of at least 25 times that of ATA is required to produce 
a comparable level of inhibition. The analysis of these data allows us 
to probe the mechanism of ATA action one step further. The aurin deriva- 
tives with IC values closest to that of ATA are Aurin and Azure Blue 
B. A common feature of these two compounds is that they are negatively 
charged at physiological pH. It is known that ATA forms 'lakes' by 
complexing with metal ions (Lisenko et al 1971). Therefore the possibility 
of chelation of the new ion once again comes to light. However, as 


pfots 
stated above, one ATA molecule must chelate at least 25 Mg ions under 
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the experimental conditions used. This is physically impossible and 


therefore, the mechanism of ATA action cannot be chelation. 


This conclusion led us to a close examination of the struc- 
ture of ATA, Aurin and Azure Blue B, It is evident that the important 
functional groups common to these compounds are hydroxyl and/or carboxyl 
groups. These groups are not found on the other triphenylmethanes test- 
ed—Fuchsin Basic, Fuchsin Acid and Erichrome Cyanine— which are less 
effective inhibitors of the reaction, with I50 values of greater than 
5 mM. From this observation, we can conclude that the presence of 
hydroxyl and/or carboxyl groups as functional groups has a role in the 
inhibitory action. The chemical peseon for this apparent requirement is 
as yet unclear. 

These early studies on the ATA inhibition led us to a series 
of studies on the effect of this compound on various enzymic reactions. 
The following chapter describes one of these studies involving the 


effect of ATA on the phenylalanyl-tRNA synthetase reaction. 
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CHAPTER 4 


THE EFFECT OF ATA AND AURIN DERIVATIVES ON PHENYLALANYL-tRNA SYNTHETASE 
REACTION 


(4-1) Introduction 


The studies described in Chapter 3 led us to speculate that 
there must be some ATA sensitive reaction other than the mRNA:ribosome 
interaction in the overall protein synthesizing process. This prediction 
is based on the observation that ATA is more effective in inhibiting 
the overall incorporation of phenylalanine than in the more specific 
mRNA:ribosome binding reaction. Thus the search for at least one more 
ATA sensitive reaction was conducted. In the course of the incorporation 
reaction, we always set aside an aliquot of the reaction mixture for 
detection of aminoacyl-tRNA synthesis to ensure the formation of 
sufficient precursor molecules for the ee eee The results indicated 
that, in thes presence of ATA, aminoacyl-tRNA synthesis is markedly re- 
duced. The inhibitory effect of ATA on the aminoacyl-tRNA synthetase 
reaction has not previously been reported. Therefore, the study of the 
mechanism of ATA inhibition of the phenylalanyl-tRNA synthesis. 
was undertaken (Igarashi and Zmean 1974). 

At the time this study pormenceie the nature of aminoacylation 
reactions was well established for both bacterial and mammalian systems. 
It is a two-step reaction involving the formation of aminoacyl-AMP and 
the subsequent transfer of the aminoacyl moiety to a specific receptor 
tRNA. This two-step reaction is catalyzed by a single enzyme specific 
to each amino acid (Novelli 1967). However, the structure of the 


enzyme from mammalian origins was not fully elucidated at that time. 
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The overall molecular weights of aminoacyl-tRNA synthetase vary exten- 


sively (Lanks et al 1971, Fasiolo et al 1970, and Weinstein et gl 1971). 


Moreover, the subunit structure of the enzymes varies considerably to 
give rise to either 2 or Q2B82 forms (Le Meur et al 1972, Penneys et 

al 1974, Fasiolo et gal 1970, and Tscherene et al 1973). The present 
investigation on the action of ATA on the phenylalanyl-tRNA synthetase 
reaction included: the determination of the inhibitory concentration 

of ATA, the determination of the structural features responsible for 
the observed inhibition, and the stoichiometry of the ATA:enzyme inter- 
action. Although the lack of precise information regarding the molecul- 
ar weight and subunit structure of phenylalanyl-tRNA synthetase intro- 
duced some ambiguity into these analyses, the studies nonetheless led 
us to conclude that ATA is a non-specific inhibitor which interacts Not 


only with ribosomes but also with aminoacyl-tRNA synthetase. 


(4-2) Results 
Effect of ATA on the Aminoacyl-tRNA Synthetase Reaction 


In order to study the effect of ATA on the synthetase reaction, 


it was necessary to establish the optimal conditions for this reaction. 
In particular, the effect of salt concentration required special atten- 
tion because the crude reticulocyte synthetase fractionwas precipitated 
by ammoniun sulfate at 66% saturation and suspended in an equal volume 
of Buffer Ke Thus this fraction contained a significant amount of mono- 
valent cations necessitating an adjustment in the standard assay, 
depending on the volume of enzyme solution added. Fig. 8 shows that the 
optimal concentration of KCl is 30 mM and of MgCl, is 12 mM when the 
ATP concentration is 1 mM. The addition of B-mercaptoethanol at 1 mM 


is also essential to the reaction. Based on this data, the synthetase 
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reactions in the following experiments were carried out as specified 
in the Methods (2-11). 

The effect of various concentrations of ATA on the phenyl- 
alanyl-tRNA synthetase reaction was then studied using the rabbit retic- 
ulocyte synthetase ,fraction AS66. The complete reaction mixture (see 
Methods) included various concentrations of ATA and was incubated at 
37°C for 20 min. The samples were processed with the cold TCA wash as 
described in the Methods. The level of 7 u-Phe-tRNA synthesized after 
20 min reaction in the presence of ATA was compared with that in the 
control set, which contained no ATA, and expressed as percent activity. 
Fig. 9 demonstrates that ATA inhibits the Phe-tRNA synthetase reaction, 


reducing it by half at a concentration of 50 uM (Te9 = 50 uM). 


Effect of Aurin Derivatives on the Phe-tRNA Synthetase Reaction 


In order to investigate the nature of the ATA inhibition of 
the phenylalanyl-tRNA synthetase reaction, an inhibitor study was con- 
ducted using aurin derivatives. The I59 level for each of the tri- 
phenylmethanes tested was established using the method previously des- 
cribed for ATA. The structures of these compounds are given in Fig. 1. 
Table 1 shows the I_. values of the aurin derivatives tested for the 
phenylalanyl-tRNA synthetase reaction. It is elear that all of the 
compounds tested are potent inhibitors of the aminoacyl-tRNA synthetase 


reaction unlike that observed for the mRNA:ribosome binding reaction 


described in Chapter 3. It must be pointed out that the charge properties 


of the side chains are not critical in this system since both Aurin 
(negatively charged) and Fuchsin Basic (positively charged) exhibit 


inhibitory action at approximately the same concentration—250 uM. It 


is also noticeable that compounds possessing carboxyl groups are 
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Fig. 9 Inhibition of phenylalanyl-tRNA synthetase by ATA. Assays were 


3} 
performed as given in the Methods. The incorporation of H-phenylalanine 


into 34-phenylalanyl-tRNA at 20 min incubation was taken as 100% activity. 


The activity in the presence of varying amounts of ATA is indicated as 
the percent of activity relative to the control value. (100% = 4.2 pmoles 


Phe). The protein concentration was 100 ug per 0.1 ml reaction mixture. 
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Table 1 


eee 
Inhibition of Phe-tRNA Synthesis by Aurin Derivatives 


OO 


Aurin Derivative Io Value 
I 
Aurin 250 uM 
Fuchsin Acid 250 uM 
Fuchsin Basic 250 uM 
Patent Blue ; 150 uM 
Azure Blue B 50 uM 
Aurintricarboxylic acid 50 uM 
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slightly stronger inhibitors than those possessing sulfonyl groups. A 
reduction in the number of conjugated resonance groups from three (ATA) 
to two (Azure Blue B) does not alter the inhibitory effect at all. 
These observations suggested to us that neither the skeletal structure 
of triphenylmethanes nor the side chains are important for their in- 
hibitory action. This information then suggested to us that the aurin 
derivatives may inhibit this reaction through a different mechanism 
from that observed in protein synthesis. It is possible that the phenyl 
group of the aurin derivatives itself may compete with phenylalanine 
towards its binding site. However, this possibility is remote since 
all of the aminoacyl-tRNA synthetase reactions tested were inhibited 
by ATA. A more detailed analysis of the mode of action will be dealt 


with in a later section. 


Site of ATA Action on the Phe-tRNA Synthetase Reaction 


In order to investigate the possibility that ATA exerts its 
inhibitory action by ieee cite with one of the reaction components, 
a preincubation study was undertaken. When ATA at a concentration of 20 
UM was preincubated 5 min at 4°C with yeast tRNA, the subsequent assay 
for Phe-tRNA synthesis at 37°C showed 88% activity as illustrated in 
Table 2. When ATA was preincubated with both the enzyme and tRNA, 90% 
activity was shown. When ATA was preincubated with the enzyme alone, 
76% activity was detected. These results show that preincubation of 
ATA with the enzyme fraction produces a slightly higher inhibition. 
However, they do not clearly distinguish whether the site of inhibition 


is tRNA or the enzyme. 


In order to provide more definitive data, a concentration 
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Table 2 


Change in ATA Inhibition by Differential Preincubation of Reaction 
Components for Phe-tRNA Synthesis 


Preincubation Mixture % Activity 
ATA + enzyme 76 
ATA + tRNA 88 


ATA + tRNA + enzyme 90 
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effect was examined, where the concentration of one reaction component 
was altered while the concentration of the other components and ATA 

(50 uM) remained constant. If changing the concentration of a substance 
alters the level of inhibition produced by a given concentration of the 
inhibitor, then it is an indication that that substance is the site of 
the inhibitory action. The four reaction components of the synthetase 
reaction were examined—tRNA, ATP, Mett, and synthetase. Fig. 10 shows 
the effect of varying the tRNA concentration at a constant level of 
ATA. The curve shows essentially the same percent activity whether 30 
or 300 wg of tRNA are added to 0.1 ml of reaction mixture. From these 
results, we conclude that the concentration of tRNA does not have a 
pronounced effect on the inhibition caused by ATA. Similarly, changes 
in the ATP and eu. concentrations did not alter the level of inhibition 
achieved by ATA at a concentration of 50 uM. However, in the case of 
the experiment in which synthetase concentration was varied, the results 
were much different from those described above. Fig. 11 demonstrates 
that, by raising the concentration of synthetase above 100 ug per 
reaction mixture in the presence of 50 uM ATA, inhibition levels of 
less than 50% are observed. In fact, raising the concentration of the 
enzyme to 150 yg or higher per reaction mixture effectively restores 
the level of 341-Phe-tRNA formation to 100% in the presence of 50 uM 
ATA. Conversely, lowering the concentration of synthetase to levels 
below 100 ie produces levels of inhibition greater than 50%. Of the 
reaction components tested, only synthetase showed such a concentra- 
tion effect. These results clearly show that increasing the enzyme 
concentration serves to overcome the ATA inhibition. Therefore, we 


drew a tentative conclusion that ATA interacts in some way with 
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Fig. 10 Effect of tRNA concentration on inhibition of Phe-tRNA form- 
ation by ATA. Assays were performed as described in the Methods, except 
that tRNA was added to start the reaction. Phe-tRNA synthesis at 20 min 
of reaction in the absence of ATA was taken as 100% activity. The level 
of activity for each tRNA concentration in the presence of 50 uM ATA 
was measured, and relative activity to the control value (for that tRNA 


concentration) was expressed as percent activity. 
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Ele) eau Effect of the concentration of Phe-tRNA synthetase on the 
inhibition of Phe-tRNA formation by ATA. Assays were performed as des- 
cribed in the Methods, except that tRNA was added last to start the 
reaction. The 34-Phe-tRNA synthesis at 20 min of reaction in the 

absence of ATA for each enzyme concentration was taken as 100% activity. 


The level of activity for each enzyme concentration in the presence of 


50 uM ATA was measured and the percent activity calculated as in Fig. 10. 
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phenylalanyl-tRNA synthetase. 


Binding of ATA to Phe-tRNA Synthetase 
If the observed inhibitory action of ATA on the Phe-tRNA 


synthetase reaction is truly caused by the interaction of ATA with the 
enzyme, a stable complex formation between them may be detected as was 
done in the mRNA:ribosome binding reaction. Initially, an attempt was 
made to separate the enzyme: ATA Ea egy a molecular seiving method 

as was done in Chapter 3 for the detection of a ribosome: ATA complex. 
However, a problem was encountered due to the fact that the AS66 enzyme 
contained a large proportion of hemoglobin which possesses an absorption 
spectrum overlapping with that of ATA. In addition, the molecular weight 
of hemoglobin is in a similar range to that of the synthetase—as will 
be described later. These problems prevented adequate measurement of 

the ATA:synthetase complex. Therefore, purification of Phe-tRNA synthe- 
tase was required. After achieving the removal of hemoglobin as des- 
cribed in the Methods, the following experiments were performed. 

First of all, the TF 9 value had to be re-established for the 
partially purified enzyme at a level of 100 ug per reaction mixture and 
in the presence of various concentrations of ATA. Assays were performed 
as given in the Methods. The level of 34-Phe-tRNA synthesis in the 
presence of various concentrations of ATA was compared. From Fig. 12, 
the 59 value for the partially purified enzyme was estimated to be 
13.5 uM. This value represents a shift in Ie from that for the crude 


Phe-tRNA synthetase (AS66) fractiom. It should be mentioned that 
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Fig. 12 Inhibition of partially purified Phe-tRNA synthetase by ATA. 
Assays were performed as given in the Methods. The incorporation of 
3H-Phe into 3H-Phe-tRNA at 20 min of reaction in the absence of dye was 
taken as 100% activity (30 pmoles Phe). Varying amounts of ATA were add- 
ed, the activity measured, and the results were expressed as a percent 
of the control activity. The protein concentration was 20 ug per 0.1 ml 


of reaction mixture. 
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the ratio of these two I59 values (approximately 4) is very close to 

the ratio of protein concentrations used in these two sets of experiments: 
100 ug/20 pg = 5. It thus appears that the reduction in the i value 

of the partially purified enzyme is due to the reduction in protein 
concentration. This is what one would expect if ATA has affinity to- 


ward many proteins to about the same extent. 


In order to detect the formation of a stable complex between 
ATA and the Phe-tRNA synthetase, a mixture of ATA and the enzyme was 
chromatographed on a Sepharose 6B column. The elution profile of the 
column was determined by an assay of each fraction for synthetase act- 
tivity. The peak position of the enzymatic activity coincided with that 
for a protein fraction as monitored by 280 nm absorption. This indicated 
that the enzyme was reasonably pure in terms of charge properties and 
of molecular weight. The position of ATA was then determined by monitor- 
ing absorption at 308 nm, which provides a minimum overlap with the 
absorption spectrum of protein and RNA. 

To determine whether or not ATA binds to synthetase, a 
solution of 500 ug enzyme in Buffer RM was made to 40 uM in ATA. Fifty 
microliters of this mixture was loaded onto a Sepharose 6B column of bed 
volume 5 ml which was pre-equilibrated with Buffer RM. Five drop frac- 
tions of volume 0.175 ml were collected and diluted to 0.5 ml with 
water. Bach fraction was examined for absorption at 280 mm and 308 nm 
using a spectrophotometer. These results, illustrated in Fig. 13, show 


that there is significant absorbance at 308 nm at the position which 
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Fig. 13 Sepharose 6B analysis of partially purified Phe-tRNA synthe- 
tase: ATA mixture. A solution containing 500 ug enzyme and 40 uM in ATA 
in 50 pl was layered onto a Sepharose 6B column of bed volume 5 ml (5 mm 
x 130 mm). Materials were eluted from the column using Buffer RM. Five 
drop fractions (0.175 ml) were collected and diluted with water to a 
volume of 0.5 ml. Thereafter, absorption at 280 nm for the enzyme and 

at 308 nm for ATA was determined for each fraction. Absorbance at 280 


nm ( f§ ) Absorbance at 308 nm ( &). 
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corresponds to the enzyme peak. This indicates that ATA binds to the 
enzyme to form a stable complex detectable by column chromatography. 

A similar experiment was then performed using a mixture of 
yeast tRNA and ATA. For this study, 50 ug of tRNA was made to 40 uM 
ATA in Buffer RM. The procedure used was as described above except that 
the diluted samples were examined at 260 nm for tRNA and at 308 nm for 
ATA. As shown in Fig. 14, no absorbance at 308 nm occurs in the tRNA 
region. From this observation, we conclude that tRNA does not bind to 


form a stable complex with ATA. 


Semiquantitation of ATA: Synthetase Interaction 


As the first step in determining how many ATA molecules can 
bind per enzyme molecule, it was necessary to determine the molecular. 
weight of the Phe-tRNA synthetase. This enzyme apparently migrated as 
a single peak on Sepharose 6B as detected by assay of the fractions 
for Phe-tRNA synthetase activity. Fig. 15 shows the relative elution 
pattern of marker proteins of knowm molecular weight and the enzyme. 
The molecular weights of the marker proteins are as follows: Glucose 
oxidase, 186,000; Chymotrypsinogen A, 25,000; Hemoglobin, 68,000; and 
Lysozyme, 14,000. Fig. 16 shows the replot of the data from Fig. 15. 
There is a linear relationship between the log of the molecular weight 
and the elution positions of the individual proteins from the column. 
From this data, the position of the Phe-tRNA synthetase activity corres- 
ponds to a molecular weight of 70,000 daltons. 

The next step was to calculate the number of ATA molecules 
bound per molecule of Phe-tRNA synthetase. Tube #24 from Fig. 13, con- 


taining the enzyme :ATA, was used for this purpose. The amount of enzyme 
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Fig.14 Sepharose 6B analysis of tRNA-ATA mixture. Fifty microliters of 

a tRNA: ATA mixture (50 ug yeast tRNA, 40 uM ATA) was layered onto a 
Sepharose 6B column of bed volume 5 ml (5 mm x 130 mm). Materials\ were 
eluted from the column using Buffer RM and five-drop fractions were 
collected (volume 0.175 ml). Samples were diluted to 0.5 ml and examined 
for absorption at 260 nm for tRNA and at 308 nm for ATA. Absorbance at 


260 nm ( @) Absorbance at 308 nm (A). 
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Fig. 16 Molecular weight estimation of partially purified Phe-tRNA 
synthetase on a Sepharose 6 B column. The relative positions of marker 
proteins and the enzyme, as determined in Fig. 15, are plotted auainee 
the molecular weight in the logarithmic scale. The molecular weight of 
each marker protein used is inserted in the figure: 1. Glucose oxidase, 
186,000; 2. Phe-tRNA synthetase; 3. Chymotrypsinogen A, 25,000;and 4. 
Lysozyme,14,000. The peak positions were determined by 280 nm absorb- 
ance except in the case of the synthetase where the peak position was 
determined by assay of the fractions for synthetase activity. This data 
gave rise to a molecular weight of 70,000 daltons for Phe-tRNA synthe- 


tase. 
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present in the tube was calculated from its absorbance data using an 
extinction coefficient of 1 Aog0/mg/m1/10 mm light path together with 
the estimated molecular weight of the enzyme as 70,000. The amount of 
ATA present in the tube was determined from its absorbance at 308 nm 
using its extinction coefficient of 15.2 Agqg/mg/m1/10 mm light path. 
The result of these calculations indicated that for each enzyme mole- 
cule, there are 6 ATA molecules present. Since the extinction coeffi- 
cient of Phe-tRNA synthetase had see established, the above value 
may be slightly different from the true value. However, extinction 
coefficients of various natural proteins dawtate between 0.4 to 1.2 
(Wetlaufer 1962). Therefore, the number of ATA molecules 


bound per molecule of the enzyme would range from 2.5 to 7 molecules. 


The Mode of Inhibition in the Phe-tRNA Synthetase Reaction 


It is valuable to determine the effect of ATA: enzyme complex 
formation of the binding of other ligands involved in the reaction. 
Based on the finding that Phe-tRNA synthetase can be retained on Milli- 
pore filters under appropriate conditions (see Methods), the effect 
of ATA on tRNA binding was studied using radioactively labelled yeast 
tRNA. A mixture of the partially purified enzyme and 34-tRNA was test- 
ed for binding to Millipore filters in the presence and absence of ATA 
(30 uM). The amount of 34-tRNA bound to the enzyme in the presence of 
ATA was reduced to 30% relative to that in the absence of ATA. The 
results shown in Table 3 indicate that ATA does interfere with the 
binding of tRNA to Phe-tRNA synthetase. However, the result does not 
distinguish the possible mechanism of inhibition due to either direct 


insertion of the ATA molecule into the tRNA binding site or an indirect 
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Table 3 


Binding of 34-tRNA to Phenylalanyl-tRNA Synthetase 


Reaction mixture CPM Retained 
3H-tRNA alone 394 
34-tRNA + enzyme 12,854 


3y-tRNA + enzyme + ATA (30 uM) | 3,978 
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effect. An attempt was made to study the effect of ATA on ATP and 
phenylalanine binding to the enzyme under the same conditions as des- 
cribed above. However, there was no detectable complex formation be- 
tween these ligands and the enzyme on Millipore filters. Their dis- 
sociation constants must be much lower than that of tRNA. 

Because of the limited information available from the above 
experiment, we analyzed some already available data somewhat different- 
ly to probe the mode of ATA inhibition. Namely, the data given in Fig. 
10 ,concerning the effect of substrate concentration on ATA inhibition, 
was submitted to a Lineweaver-Burke plot (plot of the reciprocal of the 
initial velocity vs. the reciprocal of the concentration of a substrate 
when the concentrations of the other substrates are fixed). Fig. 17 
clearly indicates that ATA is a non-competetive inhibitor for tRNA. 
This analysis led us to conclude that ATA binds to the synthetase at 


a site other than the tRNA binding site. 


(4-3) Discussion 


The results reported in this chapter indicate that ATA inhibits 
Phe-tRNA synthesis at a concentration of 50 uM. This reaction is not 
more sensitive than the mRNA:ribosome binding reaction (I59 = 20 uM). 
Nevertheless, inhibition of Phe-tRNA synthesis by ATA has not been 
previously reported, and the study of ATA action in this system could 
provide some information about the nature of its action. 

In order to probe the mechanism of ATA inhibition in the Phe- 
tRNA synthetase reaction, an experimental approach similar to that used 
in Chapter 3 for the mRNA:ribosome binding reaction was employed. First 


of all, the structural requirement for the described inhibition by ATA 
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Pie, 27 Lineweaver-Burke plot of the phenylalanyl-tRNA synthetase 
reaction from Fig. 10: the reciprocal of the initial velocity against 


the reciprocal of tRNA concentrations in the presence and absence of a 


fixed level of ATA. ( @) no ATA, (@) 30 uM ATA. 
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was sought by comparing the relative inhibition by various aurin deri- 
vatives. Then the site of ATA inhibition in the synthetase reaction was 
studied in detail. 

A comparative study with aurin derivatives indicated that 
all of the compounds tested were potent inhibitors of the reaction. 
This finding is quite different from what was observed in the mRNA: 
ribosome binding reaction as reported in Chapter 3 and suggests that 
the mode of ATA action may be different in the two reaction systems. 
The fact that Aurin (negatively charged) and Fuchsin Basic (positively 
charged) inhibit the Phe-tRNA synthetase reaction at the same concentra- 
tion of 250 uM, clearly indicates that the charge of the molecule is 
not important for this inhibitory action. However, the type of substit- 
uting groups present on the triphenylmethane skeleton appears to affect 
the level of their inhibition. Those compounds possessing hydroxyl 
groups are effective inhibitors. In addition, the carboxyl group en- 
hances the imhibitoey action. For example, Aurin, which has three 
hydroxyl and no carboxyl groups has an I5g = 150 uM, while, ATA, which 
has three hydroxyl and three carboxyl groups has an I5q°= 50 uM. Thus 
the presence of both hydroxyl and carboxyl groups gives rise to the 
strongest inhibitory action on this enzyme system. 

The study of the avthah det of ATA action in the Phe-tRNA 
synthesis reaction included:the addition of reaction components in 
different order, relief of ATA inhibition by increasing the concentration 
of reaction components, and detection of a stable complex formation 
between ATA and individual reaction components. By changing the order 
of adding the reaction components, it was hoped to probe the site of 


ATA interaction with a specific reaction component. The results showed 
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that when ATA and tRNA were mixed prior to addition of the enzyme, the 
inhibition was lower than when ATA and the enzyme were mixed prior to 
the addition of tRNA. This indicates that the inhibitory action of ATA 
is more effective before the formation of the synthetase:tRNA complex. 
Bluementhal et al (1973) reported a similar finding from their studies 
using E. coli RNA polymerase. In the second set of experiments, the 
cencentration effect of the individual reaction components on the level 
of inhibition of a fixed concentration of ATA was examined. If the ob- 
served inhibition was due to the interaction of ATA with a certain 
reaction component, then raising its concentration should serve to over- 
come the inhibition. Of the four reaction components examined in this 
experiment (Me"*, ATP, tRNA, and the synthetase), only alteration of 
the enzyme concentration had an effect on the level of inhibition by 
ATA. Reducing the enzyme concentration from 100 ug to 50 ug resulted in 
an increase in inhibition from 50% to 90%, while increasing the enzyme 
noneennacion to 150 ug resulted in essentially no inhibition. There- 
fore we conclude that the site of ATA interaction is the enzyme. The 
results from the third set of experiments confirmed this conclusion. 
Here, mixtures of partially purified enzyme and ATA as well as of tRNA 
and ATA were processed by a gel exclusion chromatography method to 

test for stable complex formation patweetl ATA and reaction components. 
The results showed that stable complex formation could be demonstrated 
between ATA and the synthetase but not between ATA and tRNA. At the 
time these studies were conducted, there was no direct evidence for 
stable complex formation between enzyme and ATA to result in the observ- 
ed inhibition, although there were some reports that ATA would bind to 


proteins (Lindenbaum and Schubert 1956). 
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We went further to study two basic questions: (1) what is the 
nature of ATA binding to the synthetase? and (2) how many ATA molecules 
can bind per enzyme molecule? These questions are the basis for the next 
step in the study of the mechanism of ATA action on the phenylalanyl- 
tRNA synthetase reaction. 

In order to probe further into the iy mya ks ATA binding to 
synthetase, an experiment was carried out to determine whether or not 
the bound ATA would interfere with the binding of various ligands to 
the enzyme. Binding studies using Millipore filtration and radioactively 
labelled precursors demonstrated that the presence of ATA at a concentra- 
tion of 30 uM reduced the binding of tRNA to the enzyme to 30%. Binding 
of ATA and phenylalanine to the enzyme could not be demonstrated under 
these conditions and so the effect on these ligands remains for further 
study. 

With the information that ATA binds to phenylalanyl-tRNA 
synthetase so as to interfere with the binding of other ligands, an 
attempt was made to obtain the stoichiometry of the ATA-enzyme interaction. 
For this purpose, a molecular weight determination of the partially puri- 
fied synthetase had to be done. The enzyme migrated as a single peak on 
Sepharose 6B chromatography as detected by synthetase activity. Thus, 
knowing the relative position of marker proteins of known molecular weights, 
the molecular weight of the enzyme could be determined. The results show 
that the molecular weight of the synthetase is 70,000 daltons. The mole- 
cular weights reported for purified phenylalanyl-tRNA synthetase by other 
laboratories range from 150,000 to 280,000 daltons with a four subunit 


structure (A582) - Fasiolo (1973) reported a molecular weight of 220,000 


oA - 7 ao Poe eis Dts 4 


* I 


pt saints Sal “eit Sap hist oes ‘thins as sd 
aetyos AYA item wor aCe) bie Taeb settings edd) on 
txee sit 363 aie ott? ai wmode ‘apod! ttn 


“fy ianltetele ‘wild aig Bren Fv BG watnwd sem Sita Yo 5 


‘ 


‘ ~ 


ay = “y heh | Hatt oat wey. oF 
ot gnibnatd ATA qo smiiew eda Stat xeilsb8 Seo ak Nie oe “9 


‘jon oe zSd3ethe anim s¥8b “ot Qv0! bane ei Siontteegns fe 
a4 sbnset saves to gnibrtd din pane “Saetaodat binow ATA | 


Iae0bex bas nolte2iit? exigiT fi gateu ‘aac gitbena 
-s33h89909'8 3a ATA 26 aug ‘orl Merinvennntiee 
aitkt wig 7 SOL og ae ait ud wa. 46 via ata stm 
TSbh u-batextenowss a aor Bibs, qniysaa. vot aa ait bs 
my 163 enkemex abnaagil sasha ae ty aid oF omar 


NTs 
; Mid ye 


PB) 


Ge f 


f 


: -: Te 7 an fe 
‘| \s 7 
bY, 8st ot ba abnet’ roe er nokia poe ue ” oa 


a8" abnagel 269 1@ 0 Pier eens ada! somneaaad oo os os aes | 


h 


rasoereae oie ro Ah Sit 36° (aebhinkoss atl? ninade rr stu! eae 


a 
* 
: ‘ 


: Te 
-bahg Pinyaee ee elt to se Ligatansiyb baat selvodton: BR Jeneg sus ebay 3h i 4 


To As aq ins S be bean kg iar’ sme sets “sor ne ad o2 beet malate ve hE : 


‘seta few: qalubstom Avont ‘> ents: ait team +6 nat gze9q) Nosat $4 ala ‘all i. 


weaie ‘ga lvees ad Reta 7%. page a i ulate ents ‘end 36 tdutsw smldsalon : 


Dale 4 


~ibtegs atti snio3 tab ago, ON ai aes taddaye siz” in. JAgbey teivostom a3 a i 


4 
Te i 


- eSrhto ee oaddedsirys AVE | cba ead belt ting aot rere aiigtew alia 


jlemeiare F932 S Bee scddtehe 009, tae: ot a0e ae word bene sinter 


od 
br 


a 900, 0¢5 a <*) ids 


; 


‘ 
, 


with subunits of 56,000 and 63,000 for yeast phenylalanyl-tRNA synthetase 
while Weinstein et al (1973) reported a molecular weight of 280,000 with 
subunits of 69,000 and 74,000 for the same enzyme in rat liver. Purifica- 
tion of this enzyme in our laboratory subsequent to this thesis work 
established a molecular weight of 275,000 with subunits of 58,000 and 
75,000 (Igarashi 1974). From these findings, it would appear that the 
above figure of 70,000 daltons for the synthetase is in the range of 
subunits rather than the intact enzyme and yet its position was establish- 
ed by assaying the fractions eluted from the Sepharose 6B column. The 
possible explanation for this discrepancy is as follows: if the conditions 
of the partial purification of the enzyme were such that the synthetase 
was dissociated into its subunits, then a mixture of the two types of 
subunits must have been subjected to gel exclusion chromatography. The 
Sepharose 6B column used in these experiments is not capable of clearly 
separating the mixture of proteins differing by less than 50,000 daltons 
in molecular weight, although it allows determination of peak positions of 
pure proteins processed eerie The result of the chromatography of 
the mixed subunits of molecular weight 75,000 and 58,000 would result in 
only a partial separation of the subunits with considerable overlapping at 


the region equivalent to 70,000 daltons--the molecular weight determined 
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for the synthetase. Thus, the tube containing this overlapped region contains 


both subunits, so that reconstitution of an active form of the enzyme can 
occur in this particular fraction. Leaving the detailed study of enzyme 


structure to a further study, the number of ATA molecules bound per syn- 


thetase molecule was estimated assuming the molecular weight of the enzyme is 
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70,000 daltons. For this purpose, the fraction from the Sepharose 6B 
column chromatography containing the ATA:enzyme complex was used. The 
ratio of ATA to the enzyme in this complex was determined by their 
extinction coefficients at 308 nm and 280 nm respectively. The results 
show that there are pe imote ores bound per enzyme of 70,000 daltons. 
This estimated value will be modified somewhat due to lack of critical 
information regarding the extinction coefficient of bound ATA. The 
extinction coefficients used here were for a typical protein solution 
(1 Aogo/mg/m1/10 mm light path) and for a free solution of ATA. Though 
the value for the number of ATA molecules bound per synthetase is not 
likely the correct value, it does indicate that there is a limited 
number of sites on the enzyme where ATA can bind. 

The results presented above remain somewhat qualitative in 
nature. However, the finding that aminoacyl-tRNA synthetase is sensitive 
to ATA was a novel one, and led to further detailed studies of the 
kinetic features of ATA action in this laboratory. In this respect, it 
is noteworthy that the kinetic analysis shows that ATA is a non-competative 
inhibitor at least for tRNA. This is a new finding and different from 
our original idea that the phenyl group with a suitable side chain may 
compete with the phenylalanine binding site. Obviously, the enzyme 
conformation changes upon binding with ATA and the binding sites for 
some of the ligands become inacessible. Further studies on the confor- 


mational changes of the enzyme is anticipated. 
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